This study uses panel data to examine the relationship between faculty employment and external R&D expenditures at research and doctoral institutions over a 15-year period of time.
tenure-tracks do, and because assistant professor typically mature over their life cycles into higher paid associate and full professors.
While the cost savings from using contingent faculty at first glance may appear desirable in light of the growing financial pressures faced by public and private higher education institutions, researchers only recently have began to examine the potential adverse impact of the increased usage of contingent faculty on the quality of education provided to undergraduate students. For example, Bettinger and Long (2006) used student-level information in 4-year public higher education institutions in Ohio and found that students with "adjunct heavy" course schedules in their first year of study were less likely to persist into the second year. In another study, Ehrenberg and Zhang (2005b) analyzed institutional level data from the College Board and other sources and found that an increase in a 4-year institution's usage of part-time or fulltime non tenure-track faculty was associated with a decline in its students' graduation rate.
On the other hand, as undergraduate teaching has been increasingly shifted on the backs of contingent faculty, tenure and tenure-track faculty members may have more time to focus on research, which has been increasingly important for research and doctoral universities in the United States. This rising importance of scientific research is at least in part due to the recent advances in the life sciences, material sciences, and information sciences that have the promise of substantially contributing to improving human welfare and that in turn have led to enormous increases in funding for research from government, corporate, and foundation sources.
A study of the implications of the increased usage of contingent faculty on university research funding is therefore in order to draw a balanced view of the impact of the changing nature of faculty employment practices at American colleges and universities. Such an analysis is important if we are to seek to have an employment pattern in academia that serves both the teaching and research goals of American higher education.
Our study is the first study to address how the increased usage of part-time and full-time non tenure-track faculty influences the level of external research funding at research and doctoral institutions in the United States. We use panel data for a large sample of institutions over the 15-year period 1990-2004 After the next section briefly describes the data sources and the changes in research activities that occurred during the period, the sections that follow present descriptive data, our analytical framework and empirical findings for research activities at research and doctoral institutions, and a few concluding remarks.
II. The Data
Our main variable of interest is the volume of R&D expenditures at Research and Doctoral universities. Our focus is on how an institution's level of external R&D expenditures is influenced by the composition of its faculty members between full-time tenured and tenure track faculty on the one hand and full-time and part-time non tenure track faculty on the other hand.
The NSF Survey of R&D Expenditures at Universities and Colleges provides information
on R&D expenditures at higher education institution via its online system WebCASPAR (http://caspar.nsf.gov). We extract two variables for each institution, total academic R&D expenditures and institutionally financed academic R&D expenditures, and compute externally financed R&D expenditures by subtracting the latter from the former. Because the majority of the research expenditures in higher education take place at research and doctoral universities, we focus on these institutions in our study.
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Institutionally financed R&D expenditures have increased substantially over time.
During the 1970-71 to 2004-05 period, the weighted average institutional expenditure on research per full-time faculty member at the 228 research and doctoral institutional in the U.S. more than tripled in real terms. During the same period, the share of research expenditures that were financed out of institutional funds rose from 11.2% to 22.7%. Increasingly, academic institutions themselves are bearing a greater share of the ever increasing costs of scientific research (Ehrenberg, Rizzo, & Jakubson forthcoming) .While there are a number of reasons why this has occurred, given the increasing competition for external research grants, one might expect that the more an institution spends out of its own funds on research in one year, the greater the external research funding it can generate in future years. As a result, we include institutional financed research expenditures in our analysis to test whether external research expenditures are positively influenced by institutional financed research expenditures in early years.
Our data on faculty employment levels are drawn from two sources, the College Board's Annual Research data and IPEDS Faculty Salary Survey. Each year, the College Board's data provide information on the number of part-time and full-time faculty at each post-secondary institution in the United States. These data permit us to compute the share of faculty at each institution that is full-time and to test whether this share affects an institution's external research volume. We hypothesize that, all other factors held constant (including the number of full-time faculty members at an institution) that an increased usage of part-time faculty might help reduce the teaching load of full-time faculty members and hence increase the research productivity of the institution.
Full-time faculty members are not a homogeneous group. For example, full-time lecturers and instructors and non tenure track professorial faculty focus more on teaching than do full-time faculty members at these institutions who are tenured or on tenure-tracks. As a result, it is important to examine the impact of the share of full-time faculty members who have tenure or are on tenure tracks on an institution's research productivity as well. While the College Board data do not contain information on the number of full-time faculty by rank and/or by tenure status, the IPEDS Faculty Salary Survey, which reports the number of full-time faculty in each rank by tenure status permits us to compute the share of full-time faculty members that are tenured or in tenure-track positions. The impact of an increased usage of lecturers, instructors and other full-time non tenure track faculty on faculty research productivity is unclear. An increased usage of these faculty members whose main responsibility is for teaching may reduce the teaching load for the full-time tenured and tenure track faculty members and leave these people with more time for research.
However, other factors held constant (including the total number of full-time faculty members), a 2 Data are not available from the IPEDS Faculty Salary Survey for 2000-2001 and, for subsequent years, no information is reported on the tenure or tenure track status of faculty in each rank. For these years, we assume that the share of faculty members at a rank in an institution that is tenured or on tenure track is the same as the share was at the institution in 1999-2000, the last year for which this information was reported. So, for example, we obtain an estimate of the share of full-time faculty at the University of Minnesota that were tenured or in tenure track positions in by multiplying the number of full professors at the university in 2004-2005 by the share of full professors at the university in 1999-2000 that were tenured or in tenure track positions. We repeat this for each rank (associate professor, assistant professor, instructor, lecturer), sum our estimates of the number of tenured and tenuretrack faculty members across all ranks and then divide this sum by the full-time faculty size at the university in [2004] [2005] to get an estimate of the share of full-time faculty at the university in 2004-2005 that were tenured or in tenure track positions. This may induce some error in the share estimates after 1999-2000 because the calculation does not allow for the proportion of full-time faculty at an institution in a rank that has tenure or is in tenured track positions to change during the last years of our sample (although it does take account of the changing rank distribution of the faculty). To see if this calculation influences our results, the models presented in the table 2 below were also estimated using a shorter sample of years (only data through 1999-2000) and the results proved very similar to those reported in table 2. decrease in the share of full-time faculty members that are tenured or are on tenure tracks means a decrease in their numbers. This may cause total research activity at the university to decline.
These two share variables-the share of full-time faculty members among all faculty members and the share of the full-time faculty members that are tenured or on tenure-tracksare the two primary explanatory variables used in our analyses to examine the impact of changing faculty composition on the level of research funding at an institution. As the discussion above suggests, it is important to also control for the number of full-time faculty members at the institution.
Student enrollment is another important factor that affects faculty research productivity because teaching loads determine the amount of time that faculty have to spend on research.
Other factors held constant, the more time faculty spend teaching undergraduate classes, the less time they have to spend on research. However, the relationship between graduate enrollment and faculty research is more complex. While graduate education required substantial faculty time, graduates students can also reduce teaching loads and increase research capacity for faculty members when they are employed as teaching and research assistants. In addition, teaching advanced materials to graduate students may enhance faculty members' research productivity. 3 The IPEDS Enrollment Survey provides us with information for each institution on undergraduate and graduate student enrollment levels by attendance status (full-time and parttime) and we use these data to compute full-time equivalent (FTE) undergraduate and graduate enrollment levels at the institution. Adams and Grilliches (1998) and Adams, March and Clemmons (2005) use panel data for over 100 major research universities and find that, other factors held constant, faculty members' publications and citations are related to the number of PhD students at the university. Similarly, Chellaraj, Maskus and Matoo (2005) use national time series data and find that, other factors held constant, an increase in the number of science and engineering PhD students is associated with increases in patent applications, university patents granted, and non-university patents granted. 4 FTE enrollments are computed by adding one third of the part-time enrollments to the full-time enrollments. institution with a major medical college and a small level of physical sciences and engineering research will be much more dependent on funding changes at the National Institute of Health than it will be to funding changes at the National Science Foundation or Department of Defense.
To account for the relative importance of federal funding from different agencies at individual universities, for each institution we calculate the weighted aggregate level of federal funding available for it to compete for each year, where the weights in each year is the share of its federal funding that the institution received from the different federal agencies in the previous year. In mathematical notation, we compute this variable as ∑ Average external R&D funding per full-time tenured and tenure track faculty member exhibited similar trends over the period. That is, overall there has been a large growth in average external R&D funding per full-time tenured and tenure track faculty member (72%) and faculty at private institutions have been more productive in generating external R&D funding than their public sector counterparts, but their relative advantage relative has narrowed over time.
IV. Econometric Analyses
In the section, we present a formal regression analysis to examine how external R&D expenditures at an institution are influenced by the types of faculty employed at an institution and other institutional and external variables. Although our descriptive statistics span the 1990 to Space Administration and the National Science Foundation. 6 Adams and Clemmons (2006) where the k α are parameters to be estimated.
The institutional fixed effects control for variables that we cannot observe at the institutional level that are relatively fixed over time and might be expected to influence research funding outcomes (e.g. the proportion of the faculty employed in science and engineering fields).
The time fixed effects control for national level variables that vary over time that might influence an institution's success in attracting external research funding (e.g. actions its competitors are taking to beef up their research infrastructures). Because the time fixed effects may "absorb" changes in the faculty share variables over time at the national level (leaving the institutional variables in our model to capture only institutional deviations from the national time trends), we also present estimates of models that eliminate the time fixed effects. Table 2 presents our empirical estimates. Column (1) reports the estimates when time fixed effects are excluded, while column (2) reports the estimates when time fixed effects are included. In the main our estimates are insensitive to the inclusion of the time fixed effects. These two models are estimated for the pooled sample and then separately for subsamples of public and private institutions.
Turning first to the all institution analyses, the more an institution spends on research out of its own funds in one period, the greater the external funding it generates in the next period, other factors held constant. Both the models with and without time fixed effects suggest that each dollar of internal funds spent on research generates an additional one dollar in external funds in the next period. Similar results hold for both public and private institutions, with perhaps a slightly larger multiple existing for private institutions.
As expected, both models indicate a positive and significant effect of the number of fulltime faculty on total external R&D expenditures after controlling for other variables in the model. On average, each additional full-time faculty is associated with additional external R&D expenditure of around $16,000 to $17,000. On average, the estimated effect is slightly larger at private than at public institutions, although the difference is not statistically significant.
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Turning to the two faculty composition variables, both models suggest that the higher the proportion of full-time faculty at an institution, the smaller the volume of total external R&D expenditures at the institution, other variables held constant including the institution's full-time faculty employment level. Put it in a slight different way, an increased usage of part-time faculty, which leads to a lower proportion of full-time faculty, is associated with a higher level of total external R&D expenditure. For our overall sample, both models suggest that a one percentage point increase in the share of part-time faculty members is associated with an increase in the total external R&D expenditure of about $107 thousand. The magnitude of this relationship appears to be larger at public institutions than at private institutions. Why the return, in terms of increased external R&D expenditures, of increasing the share of part time faculty is larger at public than at private institutions is an open question.
Quite strikingly, when the total number of full-time faculty and the proportion of fulltime faculty are held constant, an increase in the proportion of the full-time faculty members that is tenured or on tenure-tracks is associated with an increase in the volume of external R&D expenditures. For example, column 1 indicates that an increase in the share of full-time faculty members that are tenured or on tenure-track lines by one percentage point is associated with an increase in total external R&D expenditure of $218 thousand; the estimated impact in the model with time fixed effects is even larger ($311 thousand). Similar findings hold for both public and private institutions. These results suggest that while substituting full-time non tenure track for tenured and tenure track faculty may yield cost savings to the university, this will have a negative impact on the level of external research funding that the institution's faculty members generate.
The student enrollment variables included in our empirical model yield somewhat different results. Other variables held constant, increasing undergraduate enrollments are not associated with a change in the level of external research funding generated by the faculty. However, this finding masks different relationships that exist in public and private higher education. While in private institutions, increases in undergraduate enrollments are associated with decreases in faculty productivity in generating external research grants, the relationship in private universities is positive. An increase in graduate enrollments, however, increases faculty members' productivity in generating external research funding, other variables held constant, at both public and private institutions.
Finally, other variables held constant, increases in federal research funding influences an institution's external R&D expenditures as expected. For example, an increase in the weighted funding of $1 million from federal agencies is associated with approximately a $5 thousand increase in an institution's external R&D expenditures, on average. This estimated relationship is significant for both private and public institution, although it is slightly larger for the former. 
V. Concluding Remarks
Our study is the first to use panel data on the employment of faculty of different types to examine the relationship between faculty employment and the external R&D expenditures generated at research and doctoral institutions. Not surprisingly, full-time faculty members that are tenured or on tenure-tracks are the main category of faculty that generates external R&D funding. As the share of the full-time faculty that is tenured or on tenure-tracks at an institution increases, the institution's total external R&D volume also increases, other factors held constant. Ehrenberg and Zhang (2005a) documented the increase in the share of new full-time faculty appointments not on tenure tracks in recent decades. While institutions may benefit from the cost savings by hiring non tenure-track faculty to fill positions left vacant by tenured or tenure-track faculty, the institutions' ability to generate external research funding might be harmed and, as we have previously demonstrated, there are potential adverse impact on undergraduate education as well (Ehrenberg and Zhang 2005b) .
On the other hand, our analyses suggest that an increasing usage of part-time faculty, holding constant the level of full-time faculty employment, can actually boost an institution's external R&D expenditures, probably via the route of a reduction in the teaching responsibilities for full-time faculty members that it permits. Given the adverse impact that part-time faculty have, on average, on undergraduate students (Ehrenberg and Zhang, 2005b) , universities must weigh the benefits that they provide in terms of possible enhanced research from the full time faculty, versus their costs in terms of undergraduate education.
Finally, our analyses strongly confirm that graduate students are an essential input into the research function at doctoral universities. Increases in graduate enrollments are associated with higher levels of external research funding, other variables held constant. Balancing the demand for graduate students for research and teaching purposes with the employment opportunities (or lack of such) that are out there for them when they graduate is an important role that graduate deans and departments should play. 
